Here we describe a method for discovery of unannotated splice sites in Saccharomyces 6 7 cerevisiae by RNA-seq. We tested the method with wildtype strains as well as strains and 6 8
conditions that do not lead to direct changes in the splicing machinery itself, but that impact 6 9 broad cellular conditions, RNA turnover, chromatin remodeling, and histone composition. Many 7 0 of these strains and conditions help us observe changes in splicing that are not or are rarely 7 1 detected in wildtype cells under normal growth conditions. We also analyze several strains that 7 2 include prp43-1, a temperature sensitive mutation of the prp43 gene, an RNA helicase directly 7 3 involved in spliceosome disassembly to determine if modulating disassembly might affect our 7 4 ability to detect aberrant splice site sampling. Interestingly, this mutation of prp43 leads to a 7 5 decrease in splicing of both annotated introns as well as novel splicing. 7 6
We compare our results with those of earlier studies and find good agreement, however over 7 7
two thirds of the splice forms our method predicts, 676 total novel splice forms, have not been 7 8
previously described. Within known intron-containing genes (ICGs), we find that novel isoforms 7 9
generate longer introns in samples grown at higher temperature. We also find that deletion of 8 0 xrn1, an evolutionarily-conserved 5' to 3' exonuclease, leads to an accumulation of novel splice 8 1 isoforms that do not use either an annotated 5' nor an annotated 3' splice site, both within 8 2 known ICGs and unannotated ICGs. While most of our novel splice forms use a known 5' splice 8 3 site and a novel 3' splice site, we find that deletion of ume6, a component of a histone 8 4 deacetylase complex that regulates early meiosis and that has been recently shown to have a 8 5
regulatory role during mitosis [11] , causes a dramatic increase in the use of novel 5' splice sites 8 6
within ICGs. We also find evidence for splicing of RNAs that are antisense to annotated 8 7
transcripts. Together, our results indicate that there is significantly more splicing than previously 8 8
thought. This suggests that the opportunity for splicing in the form of "latent" introns is a key 8 9
feature of the yeast genome. Furthermore, changes in the activity of the gene expression 9 0 machinery or the cells' environment can significantly alter this rich splicing landscape. 9 1 9 2 Results 9 3 9 4
Alternative splicing is widespread in Saccharomyces cerevisiae 9 5
In order to explore the extent of splicing across the yeast transcriptome in a high confidence 9 6 manner, we implemented a novel approach to allow us to leverage a large amount of RNA 9 7 sequence data while imposing stringent filters (figure 1). Briefly, a large number of RNA-seq 9 8
datasets are combined such that each novel splice form needs at least a single read that aligns 9 9 without mismatches to the novel junction to pass the initial filter. This read cannot also align to 1 0 0 known transcripts or the Saccharomyces cerevisiae genome, even with a large number of 1 0 1 mismatches. Once a splice junction has been identified in this way, all reads are realigned to 1 0 2 the newly discovered splice forms, annotated transcripts, and the genome to find the optimum 1 0 3 alignment. Each novel splice form is then scored based on how well its 5' splice site, 3' splice 1 0 4 site, and predicted branch point fit the consensus sequence for Saccharomyces cerevisiae 1 0 5 splice signals. These scores are then used to compute p-values that represent how likely a 1 0 6 splice product score of this strength is to occur by chance (figure S1). 1 0 7
To capture as many novel splice forms as possible, we incorporated datasets from a variety of 1 0 8 strains and experimental conditions that are known or suspected to have an impact of splicing, 1 0 9 some accessed from previous studies [12, 13] and some novel (Table S1 ). In addition to 4 1 1 0 wildtype samples grown at three different temperatures, these samples include 2 biological 1 1 1
replicates each of two deletions in genes involved in decay, including xrn1, a 5'-3' exonuclease, 1 1 2 and upf1, required for efficient nonsense-mediated decay. We also include htz1Δ which 1 1 3 encodes the histone variant H2A.Z and swr1Δ which is required to exchange H2A for H2A.Z in 1 1 4 chromatin as well as double mutants swr1Δ xrn1Δ, swr1Δ upf1Δ, htz1Δ xrn1Δ, and htz1Δ 1 1 5 upf1Δ. Cells that lack H2A.Z are found to have impaired splicing of intron-containing genes 1 1 6 (ICGs), particularly genes that have suboptimal splice sites [13, 14] . We also analyze RNA-seq 1 1 7
data from snf2Δ, which leads to an increase in use of non-canonical branch point and 5' splice 1 1 8 site sequences in annotated ICGs and ume6Δ, which derepresses genes implicated in meiosis 1 1 9
in Saccharomyces cerevisiae, and the double mutants upf1Δ snf2Δ, xrn1Δ snf2Δ, and ume6Δ 1 2 0 snf2Δ. Previous studies suggest that snf2Δ increases splicing by altering ribosomal protein 1 2 1 gene expression and ume6Δ allows expression of genes that are usually repressed. We also 1 2 2 include set1Δ and set2Δ, deletion mutations in histone methyltransferase genes. Finally, since 1 2 3
we previously showed that the DEAH protein Prp43 contributes to disassembly of suboptimal 1 2 4 spliceosomes using a prp43 DAMP allele [13], we included a temperature sensitive mutant of 1 2 5 prp43, prp43-1, as well as set1Δ prp43-1 and set2Δ prp43-1. All set1Δ, set2Δ, and prp43-1 1 2 6 strains contribute two samples to our workflow, one grown at 25° and one at 37°. Taken 1 2 7
together, these datasets represent 29 samples across a variety of Saccharomyces cerevisiae 1 2 8 strains and growth temperatures. By leveraging a large number of datasets, we are able to 1 2 9 discover more novel splice sites and determine cellular conditions that lead to changes in 1 3 0 alternative splice site usage. Using our method, we discover evidence for 944 novel splice events across 408 transcripts with 1 3 3 p < 0.05 (Table 1) . Of these novel events, the majority are novel splice products found within 1 3 4
known ICGs, using either the annotated 5' splice site with a novel 3' splice site (Table S2 , 1 3 5 n=537) or using the annotated 3' splice site with a novel 5' splice site (Table S2 , n=129). 1 3 6
Additionally, we found several cases of novel splicing that do not use any annotated splice sites 1 3 7 within annotated ICGs (Table S2 , n=22) and in unannotated ICGs (Table S2 , n=198). We also 1 3 8
find evidence for splice forms that are antisense to known transcripts ( Many of the events we discover using our method are low abundance. About half of the total 1 4 1 events are represented by fewer than five read counts across our datasets (figure S2A). 1 4 2 However, these low abundance events are high confidence due to our approach's stringent 1 4 3 discovery protocol and p-value cutoff. Furthermore, these high confidence, low abundance 1 4 4 novel splice events reveal splicing that is unlikely to be found in the high abundance data. 1 4 5
Different classes of novel splicing are more prevalent in our low abundance novel splicing data. 1 4 6
Specifically, novel splicing within annotated ICGs is more common in our high abundance data, 1 4 7 while novel splicing within unannotated ICGs and antisense RNAs are more common in our low 1 4 8 abundance data (figure S2C). 1 4 9 1 5 0
Validation of novel splicing 1 5 1
In order to best validate our method by RT-PCR, we chose candidates with a variety of read 1 5 2 counts and splice site scores representing each category of novel splicing we find, including 1 5 3 novel 5' splice site with annotated 3' splice site, novel 3' splice site with annotated 5' splice site, 1 5 4 both novel splice sites within an annotated ICG, novel splicing in an unannotated ICG, and 1 5 5
splicing of transcripts that are antisense to annotated genes. In addition, we selected some 1 5 6
genes which show only a single novel splice form and others with several. The results of our 1 5 7 validation are shown in Figure 2 using oligonucleotides listed in table S3. BIG1, an integral 1 5 8 membrane protein gene of the endoplasmic reticulum, shows a single novel splice event 1 5 9 utilizing a novel 3' splice site with an annotated 5' splice site in our data with 19 total read 1 6 0 counts spread roughly evenly across our 29 samples and a splice site score p-value of 0.0003. 1 6 1
The novel splice event in BIG1 is in-frame with the annotated form, and would be predicted to 1 6 2 generate a protein product that has 6 additional amino acids. SIM1, a gene thought to 1 6 3
participate in DNA replication, shows a total of four novel splice forms, each utilizing an 1 6 4 annotated 3' splice site and novel 5' splice site with total read counts ranging from 2 to 35 and 1 6 5 splice site p-values ranging from 0.018 to 0.0004. The intron in SIM1 is located in the 5' UTR, 1 6 6 therefore the novel splice events would not be expected to yield a new protein product, although 1 6 7 potential regulation in the 5' UTR could be altered. MCR1, a gene involved in ergosterol 1 6 8 biosynthesis in mitochondria, shows a single novel splice form utilizing both novel 5' and 3' 1 6 9
splice sites within an annotated ICG with 49 total read counts, 9 of which are found across our 1 7 0 snf2Δ samples, and a splice site p-value of 0.004. The annotated and novel introns for MCR1 1 7 1 are both found in the 5' UTR and are therefore unlikely to yield different protein products. 1 7 2
However, we previously showed that changes in SNF2 expression can affect splicing of others 1 7 3 transcripts to alter mitochondrial function [15] . SPF1, which encodes an ion transporter of the 1 7 4 ER membrane, is an unannotated ICG that shows five novel splice forms in our data with read 1 7 5 counts ranging from 1 to 4 across all of our samples and p-value scores ranging from 0.004 to 6 1 7 6
x 10 -6 . Of the five novel splice forms found in SPF1, only one is in frame, which would produce 1 7 7 a protein product that has 134 fewer amino acids. Finally, we find evidence for splicing in the 1 7 8
antisense direction to LEU4, with a total of six splice forms with counts ranging from 1 to 33 1 7 9
across all samples and splice site p-values ranging from 0.0001 to 2.8 x 10 -6 . Not surprisingly, 1 8 0 of the 48 sequence reads that derive from spliced reads antisense to LEU4, 28 come from 1 8 1 samples which are deleted of SET2, a histone methyltransferase that has previously been 1 8 2 implicated in suppressing antisense transcription [16] . Together, we validate each category of 1 8 3 novel splicing we observe in our data and validate candidates ranging from a single read count 1 8 4
to 49 read counts and from splice site p-values ranging from 0.018 to 2.8 x 10 -6 . 1 8 5
Comparison with other sequence-based approaches for alternative splicing 1 8 7
Even though our method filters (1) putative splice forms with strong similarity to the 1 8 8
Saccharomyces cerevisiae genome, (2) known transcripts, and (3) those found outside of 1 8 9
genes, the splice sites identified by our method include many reported in recent studies. Of the 1 9 0 522 novel splice sites described in Kawashima et al. [6] , 420 are discoverable by our method, 1 9 1 236 are found in our raw data and 189 pass our p < 0.05 filter. Of those described in Schreiber 1 9 2 et al. [7] , 248 out of 314 of the described splice events are discoverable by our method, 214 are 1 9 3
in our data and 185 pass our p < 0.05 filter. Qin et al.
[10] describe a method of identification of 1 9 4 novel splice forms by lariat sequencing, a process which reveals 5' splice sites and branch 1 9 5 points but not 3' splice sites. Of the 45 novel 5' splice sites found in their work, 11 are present 1 9 6 in our raw data and 9 pass our p < 0.05 filter with at least one corresponding 3' splice site. 1 9 7
Gould et al.
[9] combined lariat sequencing with RNA-seq to identify both 5' and 3' splice sites 1 9 8 along with novel branch point sequences. Of the 213 novel splice sites they report, 194 are 1 9 9 discoverable by our method, 133 are found in our raw data, and 114 pass our p < 0.05 filter. 2 0 0
The overlap between our work and these previous studies illustrates the power of our approach. Saccharomyces cerevisiae contains antisense transcripts that undergo splicing 2 0 7
In addition to discovering novel splice sites within genes already known to contain introns and 2 0 8
unannotated ICGs, our method allows us to discover splicing that is antisense to annotated 2 0 9 transcripts, primarily in the degradation mutant strains xrn1Δ and upf1Δ and the histone 2 1 0 methyltransferase mutant set2Δ. Previous studies report that Set2 suppresses antisense 2 1 1 transcription [16] . We find evidence for 50 antisense novel splice events spread across 41 2 1 2 transcripts that pass our statistical criteria. Of these 41 transcripts, 37 show a single novel 2 1 3 splice event, two transcripts have two unique novel splice events, one transcript has 3 separate 2 1 4 events, and a single transcript, which is antisense to the LEU4 gene, has 6 unique novel splice 2 1 5 events. While most of the antisense splice events in our data have low read counts, the LEU4 2 1 6
isoforms together account for 51 reads across 11 samples, including wildtype, set2Δ, and set2Δ 2 1 7
prp43-1 at both 25° and 37°, set1Δ and set1Δ prp43-1 at 37° only, and xrn1Δ, swr1Δ upf1Δ, and 2 1 8 upf1Δ snf2Δ. Together, LEU4 antisense splicing represents over 20% of our total antisense 2 1 9 read counts across all samples. These six isoforms arise from 3 different 5' splice sites and 4 3' 2 2 0 splice sites. 5 out of 6 of these isoforms generate similar mature mRNAs with an intron in the 2 2 1 size range from 115 nucleotides to 129 nucleotides and are therefore indistinguishable by RT-2 2 2 PCR ( figure 2E ). The remaining form is generated from a unique 5' splice and 3' splice and 2 2 3 causes an intron of 464 nucleotides, and is low abundance in our RNA sequence data, with only 2 2 4 a single read count in a single sample, set2Δ at 37°. 2 2 5
In unannotated ICGs, we find 149 transcripts that show novel splicing in the sense direction and 2 2 6 37 that undergo novel splicing in the antisense direction. Interestingly, the number of transcripts 2 2 7 that show novel splicing in both the sense and antisense direction is just one, DJP1. If a set of 2 2 8 149 genes and a set of 37 genes are each randomly chosen from all Saccharomyces cerevisiae 2 2 9 transcripts, the expected value of the overlap is a single transcript, suggesting that within 2 3 0 unannotated ICGs, presence of novel splicing in the sense direction does not significantly 2 3 1 impact the chances of novel spicing of an antisense transcript or vice versa. Within annotated 2 3 2
ICGs, 220 transcripts undergo novel splicing in the sense direction and 4 have novel splicing in 2 3 3 the antisense direction, indicating no correlation between the splicing of annotated intron-2 3 4
containing genes and their corresponding antisense transcripts. 2 3 5 2 3 6
Prp43 is required for efficient splicing of annotated and novel introns 2 3 7
Several of the strains in our analysis include prp43-1, a temperature sensitive mutation that is 2 3 8
viable at 25° C but not at 37° C. Prp43 is an RNA helicase that has a vital role in spliceosome 2 3 9
disassembly and is required for efficient mRNA splicing in Saccharomyces cerevisiae. PRP43 2 4 0 has also been implicated in ribosome biogenesis [17] , and we previously showed that 2 4 1 decreasing levels of PRP43 using a DAMP allele can suppress splice defects [13]. To 2 4 2 characterize the consequences of the prp43-1 mutation in splicing, we compared the prp43-1 2 4 3 strain to a wildtype strain, a set1Δ prp43-1 strain to a set1Δ strain, and a set2Δ prp43-1 strain to 2 4 4 a set2Δ strain at both 25° and 37° C. As expected from its role in splicing, prp43-1 shows a 2 4 5 decrease in the splicing of annotated introns in Saccharomyces cerevisiae ( figure 4A ). 2 4 6
Interestingly, despite earlier findings that reducing levels of wildtype Prp43 can suppress splice 2 4 7 defects and promote splicing of weak introns [13], we find that strains with prp43-1 show less 2 4 8 novel splicing than their counterparts with wildtype PRP43 (figure 4B). 2 4 9 2 5 0 Elevated temperature favors novel introns that are longer than their annotated introns 2 5 1
Across our datasets, we detect fewer novel splice events in high temperature samples than 2 5 2 would be expected by sequence depth alone. This is unsurprising given that many of our lower 2 5 3 temperature samples are mutants that lead to accumulation of normally degraded products, 2 5 4 such as xrn1Δ and upf1Δ. While the total number of novel splice events is underrepresented at 2 5 5 high temperature, the novel splice products generated differ in intron length. When cells are 2 5 6
grown at 37° C, novel splicing within annotated ICGs tends to favor intron sizes that are larger 2 5 7 than novel splice forms from cells that are grown at 25° or 30° C ( figure 5A ). This can be 2 5 8 explained by effects observed in our most common class of novel splice events, those that use 2 5 9
an annotated 5' splice site with a novel 3' splice site. At higher temperature, these novel 3' 2 6 0 splice sites tend to be further downstream than the annotated splice sites. We find that most of 2 6 1 the temperature-enriched splice events are more commonly found in our samples with wildtype 2 6 2 prp43, since prp43-1 decreases both annotated and novel splicing ( figure 5B) . These results 2 6 3 are consistent with work that finds that intron structure can function to control alternative splicing 2 6 4 in yeast [18] . Nonetheless, our data reveal a number of previously unreported events. 2 6 5
As an example, TMH18, a mitochondrial membrane protein gene, has an annotated intron that 2 6 6 is 96 nucleotides long and two common novel splice isoforms discovered by our method, both of 2 6 7
which generate longer introns. The isoform that is highly enriched in high temperature samples 2 6 8 contains a 161 nucleotide intron, while the isoform that is not favored at high temperature 2 6 9 contains a 128 nucleotide intron. We speculate that the increase in temperature destabilizes 2 7 0 the secondary structure of some pre-mRNA molecules to allow access to normally inaccessible 2 7 1 splice sites. This may lead to an increase in use of distant novel splice sites. To confirm this, 2 7 2 we analyzed the predicted pre-mRNA secondary structure using MFOLD [19] . The predicted 2 7 3 secondary structure with the most favorable free energy shows that the annotated 5' splice site, 2 7 4 the annotated 3' splice site, and the novel 3' splice site that is not favored at high temperature 2 7 5 are all readily accessible, while the novel 3' splice site that is favored only at high temperature is 2 7 6 not ( figure 5C ). 2 7 7
Interestingly, these distant splice sites may be under evolutionary pressure to be unable to code 2 7 8
for protein, as 74/84 (88%) of these temperature-enriched splice sites contain premature 2 7 9 termination codons. This is similar to the fraction of PTC-generating events found in the totality 2 8 0 of our novel splicing events in annotated intron-containing genes, with 572/636 (90%) containing 2 8 1 premature termination codons. This agrees with results described by Kawashima et al.
[6] that 2 8 2 find that stress conditions, including heat shock, cause an increase in non-productive novel 2 8 3 splice usage. Together these data suggest that alternative splicing may be a mechanism for 2 8 4
reconfiguring the transcriptome in response to stress. 2 8 5 2 8 6
Xrn1 deletion increases splice forms that do not use annotated splice sites 2 8 7
Novel splicing is found most commonly in strains in which xrn1 has been deleted. These strains 2 8 8
account for approximately 9% of our total sequence depth but 19% of our total novel splice 2 8 9
counts. Interestingly, xrn1 deletion mutants are particularly enriched in novel splice forms that 2 9 0 do not use any annotated splice sites. Roughly 18% of novel splice form counts that use either 2 9 1 an annotated 3' or 5' splice site derive from an xrn1 deletion mutant, while 31% of those that 2 9 2 utilize two novel splices are found in an xrn1 deletion strain. Two examples of unannotated 2 9 3
ICGs impacted strongly by xrn1 deletion are AGC1 and MRM2, both involved in mitochondrial 2 9 4 function. Interestingly, these genes' expression increases in xrn1Δ, and they each have their 2 9 5
highest RPKM values in the five samples in which xrn1 is deleted [12, 13] . The 50 unannotated 2 9 6
ICGs that are most enriched in our xrn1Δ strains only have a single GO term in common, 2 9 7 "intracellular membrane-bounded organelle," further suggesting an impact on transcripts 2 9 8 important for mitochondrial function. Interestingly, a 2012 study found that Xrn1 is critical for the 2 9 9 translation of genes necessary for mitochondrial function in Saccharomyces cerevisiae [20] . 3 0 0
Together, this suggests a role for Xrn1 in the regulation of alternative splice products of 3 0 1 mitochondrial transcripts. 3 0 2 3 0 3
Ume6Δ-derived increase in IC-RPG expression leads to increase in IC-RPG alternative 3 0 4 splicing 3 0 5 1 0
Our ume6Δ strain is highly enriched in novel splice events which utilize an annotated 3' splice 3 0 6 site with a novel 5' splice site. Of the newly discovered splice sites which utilize a novel 5' 3 0 7 splice site and a canonical 3' splice site, 59% are in intron-containing ribosomal protein genes 3 0 8
(IC-RPGs). However, of the events that are found disproportionately more frequently in ume6Δ, 3 0 9
70% are in IC-RPGs. Our RNA sequence data suggests that IC-RPG expression increases 3 1 0 slightly in ume6Δ. Novel splicing in IC-RPGs increases by 70%, and 5' novel IC-RPG splicing 3 1 1 increases by 91% in ume6Δ-containing samples relative to samples with wildtype ume6. 3 1 2
Previous studies have shown that Ume6 is degraded under meiotic conditions [21] . This raises 3 1 3 the interesting possibility that genetic manipulations that remove Ume6 may lead to changes in 3 1 4
the unannotated splicing landscape that are related to what occurs under meiotic conditions. 3 1 5
Ongoing experiments will test this model. In this study we show that there are many rarely utilized splice sites in Saccharomyces 3 2 0 cerevisiae. Our methodology is capable of discovering many novel splice forms by utilizing a 3 2 1 large number of RNA-seq datasets. We are able to do this in a robust, high-confidence manner 3 2 2 by excluding reads that can be explained by sequencing error or genomic DNA contamination 3 2 3
and filtering based on existing splice site census sequence data. Overall, we find a strong 3 2 4 preference for novel splicing using a known 5' splice site and a novel 3' splice site within 3 2 5
annotated ICGs, which represent over half of our statistically significant novel splice products. 3 2 6
However, due to our high total sequencing depth and variety of strains and experimental 3 2 7
conditions we are still able to find a relatively large number of novel splice forms that utilize 3 2 8 known 3' splice sites with novel 5' splice sites, those that utilize novel 3' and 5' splice sites 3 2 9
within annotated ICGs, those that utilize two novel splice sites within unannotated ICGs, and 3 3 0
splicing of transcripts that are antisense to annotated genes. The large number of novel splice 3 3 1 events that we discover allow us to correlate changes in splice site preferences with different 3 3 2 mutant strains and experimental conditions. While it has been tempting to call splicing events 3 3 3 that have not been previously annotated as "errors," we believe that these data actually reveal 3 3 4 the remarkable substrate flexibility of an evolutionarily conserved enzyme. Moreover, it stands 3 3 5
to reason that if splicing is to contribute to adaptation and, ultimately, evolution of multicellular 3 3 6 organisms, then an array of sequences, not simply those that match a strong consensus, need 3 3 7
to be recognized and spliced. The results described here provide a window into this sequence 3 3 8 landscape. 3 3 9
In the adjoining manuscript [22] , the authors find 229 "protointrons" -rapidly evolving, 3 4 0 inefficiently spliced introns. Of these, we define 60 as novel introns with an additional 9 found in 3 4 1 our RNA sequence data but filtered out due to low splice site scores. The limited overlap 3 4 2 between the methods highlights that neither of our methods has reached saturation. 3 4 3
Furthermore, the 10 strains in our analysis with the greatest normalized overlap with Talkish et 3 4 4
al. are the 10 strains that include either xrn1Δ or upf1Δ, suggesting that overlap between the 3 4 5 methods is more driven by stabilization of protointron-containing splice products than biological 3 4 6 similarity between "hungry spliceosome" conditions and the strains used here. Talkish et al.  3  4  7 confirm by RT-PCR several splice events that would be removed from our analysis due to poor 3 4 8 1 splice signals, indicating that our method's stringency likely eliminates many true splice 3 4 9
products. The approach used here scores putative novel splice sites by learning from 3 5 0 annotated splice sites, so as additional protointrons with unusual splice sites are discovered and 3 5 1 validated, our method's ability to discover these forms will increase. 3 5 2
The analysis of several mutant strains allows insights into splice site selection in 3 5 3
Saccharomyces cerevisiae. We find general trends in our data as well as specific effects for 3 5 4 particular strains or conditions. For example, elevated temperature leads to an increase in 3 5 5 novel splice form intron length, xrn1Δ leads to a large increase in novel splice forms that do not 3 5 6
use an annotated splice site, and ume6Δ leads to an increase in novel splicing of intron-3 5 7
containing ribosomal protein genes. 3 5 8
Despite the fact that analyzing many mutant strains can increase our understanding of splice 3 5 9 site selection, every new category and class of splice form that we find is observed in our 3 6 0 wildtype data. While xrn1Δ dramatically increases the number of splice products that arise from 3 6 1 use of two novel splice sites, we see many examples of splice products that use two novel 3 6 2 splice sites in our wildtype samples. This holds true for elevated temperature, ume6Δ, and 3 6 3 set2Δ, as well as splicing of transcripts that are antisense to known transcripts, splicing that 3 6 4 uses a single annotated splice site, and splicing in unannotated ICGs. Together, this indicates 3 6 5
that while mutant strains are useful for correlating genetic changes with splicing changes, even 3 6 6
wildtype Saccharomyces cerevisiae in normal conditions are capable of producing a large 3 6 7 variety of splice products. Taken together, these findings illustrate the diversity and depth of 3 6 8 splicing in Saccharomyces cerevisiae, and also show the presence of latent introns that are 3 6 9
found across the genome. Public datasets 3 7 4 3 7 5
Saccharomyces cerevisiae wildtype, xrn1Δ, upf1Δ, swr1Δ, htz1Δ, swr1Δ xrn1Δ, swr1Δ upf1Δ, 3 7 6 htz1Δ xrn1Δ, and htz1Δ upf1Δ strain RNA-seq data were download from GEO (accession 3 7 7 number GSE97416). Additional wildtype, upf1Δ, and xrn1Δ RNA-seq data as well as snf2Δ, 3 7 8 ume6Δ, upf1Δ snf2Δ, xrn1Δ snf2Δ, and ume6Δ snf2Δ strain RNA-seq data were also 3 7 9
downloaded from GEO (accession number GSE94404). Wildtype, set1Δ, set2Δ, prp43-1, set1Δ prp43-1, and set2Δ prp43-1 strains were grown at 25°C 3 8 4
to OD 0.3. Then, cultures were equally split, half remaining at 25°C and half shifting to 37°C for 3 8 5 four hours. 10 mL of cells were pelleted from each sample and RNA extraction was performed. 3 8 6
Then, 20 μ g total RNA per sample was treated with DNAse I (Roche) and depleted of rRNA with 3 8 7
the Ribo-Zero Gold rRNA Removal Kit (Illumina). RNA-seq libraries were prepared using the 3 8 8 0 5 7 1 Figure 5 . Elevated temperature leads to longer introns. (A) Boxplot of temperature-5 7 2 enriched splice forms versus temperature-independent splice forms shows higher temperature 5 7 3 leads to an increase in intron size. Temperature-enriched splice forms have much higher 5 7 4 counts at higher temperature, but are still present at lower temperature. (B) Shifting prp43-1 to 5 7 5 1 7 higher temperature causes a dramatic decrease in these temperature-enriched splice forms. 5 7 6 (C) Predicted structure of TMH18 with annotated and novel splice sites labeled. 5 7 7 5 7 8 Figure S1 . Putative novel splice site scores. Each putative novel splice site was scored by 5 7 9 similarity to known Saccharomyces cerevisiae splice signals. The splice site score was plotted 5 8 0 against putative intron length for novel splice products within annotated ICGs (blue) and 5 8 1 unannotated ICGs (red). 
